Introduction
Engineers, planners, land managers, biologists, and many others use streamflow statistics on a routine basis to help guide decision-making. Some uses of streamflow statistics include (1) flood-plain mapping for insurance underwriting and zoning, (2) bridge, culvert, and road design, (3) setting of waterquality standards, (4) water-supply planning and management, (5) wastewater-discharge permitting, and (6) protection of stream biota.
Streamflow statistics are computed for USGS streamgaging stations using the time series of discharge developed for the stations. Although the statistics are computed from actual data, they are considered estimates when they are used to represent long-term and future conditions for planning, management, and engineering purposes. This is because the statistics change over time as more data become available for use in the computations, and as extreme events influence the statistics. As a result, streamflow statistics for streamgaging stations should be updated periodically to reflect the longer record lengths available for the stations.
Low-flow and peak-flow statistics for streamgaging stations in Maryland were published previously in separate reports. Low-flow statistics for Maryland were last published by Carpenter and Hayes (1996) . The statistics they published included the average 7-, 14-, and 30-consecutive-day low-flow discharges for recurrence intervals of 2, 10, and 20 years. Peak-flow statistics for Maryland were last published by Dillow (1996) . The statistics published included the 2-, 5-, 10-, 25-, 50-, 100-, and 500-year recurrence interval flood discharges.
The purposes of this report are to (1) provide updated streamflow statistics for 47 streamgaging stations in northeastern Maryland, (2) describe the methods used to determine the statistics, and (3) compare the low-flow frequency statistics provided in this report with those published previously by Carpenter and Hayes (1996) . The statistics presented in this report include the mean, minimum, maximum, and standard deviation of the daily mean discharges for the periods of record at the stations, as well as flow-duration and low-flow frequency statistics. The flow-duration statistics give the percentage of time that
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By Kernell G. Ries III flows are equaled or exceeded, and include the 1-, 2-, 5-, 10-, 15-, 20-, 25-, 30-, 40-, 50-, 60-, 70-, 75-, 80-, 85-, 90-, 95-, 98-, and 99 -percent duration discharges. The low-flow frequency statistics include the average discharges for 1, 7, 14, and 30 days that recur, on average, once in 1.01, 2, 5, 10, 20, 50, and 100 years. This report and the analyses described in it were done in cooperation with (1) the University of Maryland, Baltimore County, Center for Urban Environmental Research and Education; (2) the Baltimore City Department of Public Works; and (3) the Baltimore County Department of Environmental Protection and Resource Management. The statistics provided in this report were selected to indicate the range of streamflows occurring at the stations and to provide information that would be useful for water-supply planning and protection of water quality.
Physical Setting
The State of Maryland is in the Mid-Atlantic coastal region of the United States. The study area consists of all of Baltimore City, Baltimore and Harford Counties, and the eastern part of Carroll County that drains into Baltimore County. The area is bordered on the north by the State of Pennsylvania, on the west by the western part of Carroll County, on the southwest by Howard County, on the south by Anne Arundel County, on the southeast by the Chesapeake Bay, and on the northeast by Cecil County ( fig. 1) (FedStats, 2006) .
The climate in the study area is temperate. Mean annual precipitation ranges from about 40 to 44 inches (Carpenter and Hayes, 1996) . The precipitation is distributed fairly evenly throughout the year. The mean annual temperature at Baltimore is 55°F (degrees Fahrenheit), with monthly averages ranging from 32°F in January to 77°F in July (National Oceanographic and Atmospheric Administration, 2005) .
The study area is in two major physiographic provinces, the Coastal Plain and the Piedmont (Fenneman, 1938) . The provinces are separated by the Fall Line, which crosses diagonally from the northeast corner of Maryland, through Baltimore ( fig. 1) , and beyond. The Fall Line, along which numerous waterfalls occur, delineates the relatively sudden drop in elevation from the Piedmont to the Coastal Plain. The Piedmont, northwest of the Fall Line, consists of gently rolling landscape with maximum elevations generally less than 400 ft (feet) above sea level. Streams in this province have fairly steep gradients, and drain to the Chesapeake Bay (Dillow, 1996) . The Coastal Plain, southeast of the Fall Line, consists of an area of low relief adjacent to the Chesapeake Bay, with elevations ranging from sea level to less than 100 ft. Streams in the Coastal Plain are often affected by tides for a substantial distance above their mouths. About 10 of the station locations are in the Coastal Plain, but most of the drainage areas for these stations are primarily in the Piedmont, and there are no apparent tidal effects.
Computation of Statistics
The low-flow frequency statistics presented in the report by Carpenter and Hayes (1996) were based on data through the 1989 water year. A water year begins on October 1 of the previous year and ends on September 30 of the given year. The 47 stations ( fig. 1 ) selected for inclusion in this study were either active streamgaging stations at the end of the 2004 water year (46 stations), or they were discontinued but had additional data since the previous report was released (station 01585105). Periods of record for the stations ranged from 2 to 78 years, with an average record length of 21 years. Daily mean discharges needed to compute the statistics were downloaded from the USGS NWIS-Web database. Surface-water data for the Nation can be accessed through NWIS-Web at http://waterdata.usgs.gov/nwis/sw.
Descriptive information for the streamgaging stations included in this study is presented in table 1. The information provided for each station includes station name, identification number, latitude, longitude, the city or county in which the station is located, drainage area, and remarks. As noted in the remarks, seven of the stations are affected to some extent by regulations, diversions, or both. As a result, the streamflow statistics computed for the affected stations do not reflect natural conditions. No attempt was made to adjust the streamflow records for the regulation patterns or to limit the periods of record for the analyses to unregulated periods.
Computer programs used to calculate the statistics were developed by the USGS, and can be downloaded from the web at no cost. The programs included ANNIE, which was used for binary database management; IOWDM, which was used for input and output of data to the database; and SWSTAT, which was used to compute the statistics presented in this report. The SWSTAT program incorporates standard USGS methods for computing flow-duration and low-flow frequency statistics. Standard methods for computing flow-duration statistics were described in Searcy (1959) . Standard methods for computing low-flow frequency statistics were described in Riggs (1972) . Descriptive statistics, including means, minimums, maximums, and standard deviations, were computed from all available daily flow records for the stations, including incomplete water years. The mean streamflow is indicative of long-term normal conditions. The minimum and maximum streamflows are the extremes of daily streamflows during the period of record. The standard deviation is indicative of the variability of streamflows, as about two-thirds of all daily streamflows are within plus and minus one standard deviation value from the mean streamflow. The descriptive statistics are presented in table 2, along with the beginning and ending dates of available data and the number of days from which the statistics were calculated.
Flow-duration statistics indicate the percentage of time that daily mean streamflows are equaled or exceeded at the stations. For example, if the streamflow at the 90-percent duration is given for a station as 5 ft 3 /s (cubic feet per second), then the streamflow at that station was greater than or equal to 5 ft 3 /s 90 percent of the time during the period of record analyzed. The flow-duration statistics are presented in table 3, and were computed using data for only complete water years.
Low-flow frequency statistics indicate the magnitude and frequency of the occurrence of low streamflows at the streamgaging stations, and are useful for a variety of planning and design purposes. Low-flow frequency analyses were only done for the 25 stations in the study area with at least 10 complete climatic years of record. Use of climatic years, which begin on April 1 of the given year and end on March 31 of the following year, is standard practice for low-flow frequency analysis because low-flow periods occur most often in the summer and fall. Use of climatic years makes it highly unlikely that the lowest low-flow period in a given year will be split between 2 consecutive climatic years, as could sometimes happen if water years were used for this type of analysis.
Low-flow frequency statistics were computed for the 25 stations from annual series of minimum n-day mean flows, where n = 1, 7, 14, and 30 days. For example, computing the annual series of minimum 7-day mean flows for a streamgaging station requires identifying the 7-day period during each climatic year with the lowest mean flow. Mann-Kendall nonparametric tests for monotonic trends in the annual 7-day low-flow series were done to determine if changes (increases or decreases) in the annual series were occurring over time (Helsel and Hirsch, 1992) . No statistically significant trends were found.
The standard USGS method incorporated into SWSTAT for computing low-flow frequency statistics for a streamgaging station is to fit the logarithms of the annual n-day streamflows for the station to a log-Pearson, Type III frequency distribution to determine recurrence intervals (1.01, 2, 5, 10, 20, 50, and 100 years) for the n-day streamflows. The streamflows equal to or less than those given for a specific recurrence interval can be expected to occur, on average, once during the time interval. For instance, the 7-day, 2-and 10-year recurrence interval flows were computed from annual series of minimum 7-day average flows. Flows equal to or less than the 7-day, 2-year flow occur on average once every 2 years, whereas flows equal to or less than the 7-day, 10-year flow occur on average once every 10 years. These flows have a 50 percent [(1 year/2 years) × 100] and 10 percent [(1 year/10 years) × 100] chance of not being exceeded in any given year, respectively. The 1.01-year recurrence interval is given because it corresponds with the 99-percent chance of occurrence in any given year. The low-flow frequency statistics are presented in table 4.
The 7-day low-flow statistics are not available for West Branch Herring Run at Idlewylde, MD, station 01585200, because the computed skew of the logarithms of the annual 7-day minimum flows was -3.73. The SWSTAT program does not compute low-flow frequencies when skew values exceed the absolute value of 3.3. The large negative skew at this station was caused primarily by the 2003 7-day low-flow value, which was only 0.001 ft 3 /s. On a logarithmic scale, the 2003 value was more than an order of magnitude lower than the other values in the time series.
There is the potential that low-flow frequency statistics and improved flow-duration statistics could be estimated for many of the stations for which low-flow frequency statistics were not provided in this report because of record lengths that are less than 10 years. Correlations developed between the daily flows or n-day low flows at the short-term stations and those for nearby long-term stations could be used as a basis for extending or augmenting the records for the shortterm stations, enabling estimation of streamflow statistics that represent a longer-term period. Correlations such as these, however, were beyond the scope of this study. 
Comparison With Previously Published Statistics
Two significant droughts have occurred since the data for the previous study were analyzed; one that spanned the 1999 and 2000 climatic years, and another that spanned the 2002 and 2003 climatic years. Seventeen of the stations analyzed for this study have periods of record of 25 years or greater. Of these stations, the 2003 1-day and 7-day low flows were the lowest for the period of record for 10 stations, and the second lowest for 5 of them. The 2003 low flows were substantially lower than any previous low flows at most of the 10 stations. The 2000 1-day and 7-day low flows were the lowest for the period of record for two of the stations.
Low-flow frequency statistics for seven of the stations included in this study were published previously by Carpenter and Hayes (1996) . As 15 years of additional data were available to analyze low-flow frequency statistics since the previous study was completed, and as substantial droughts have occurred since that study, it is useful to understand how this new information has affected the low-flow frequency analyses.
The new and previous estimates of the 7-, 14-, and 30-day low flows for the 2-, 10-, and 20-year recurrence intervals for the seven stations, the percentage change in the statistics, and the average percentage change for each of the statistics are presented in table 5. The magnitude of the changes varies substantially among the stations, but the table generally indicates that the effects of the recent droughts on the low-flow frequency estimates increase with increasing recurrence interval. Changes in the 2-year recurrence interval estimates have been small, but the 10-and 20-year estimates have changed substantially at most stations.
The increase in percentage change with increasing recurrence interval can be partly explained by the fact that flow magnitude decreases with increasing recurrence interval. As the flow magnitude decreases, the percentage change for a given change in magnitude increases. For example, a change in flow of 0.1 ft 3 /s from a previous flow of 2.0 ft 3 /s is only a 5-percent change, whereas a change in flow of 0.1 ft 3 /s from a previous flow of 0.2 ft 3 /s is a 50-percent change. The addition of the two recent droughts to the annual low-flow time series probably accounts for most the changes in the low-flow statistics since the previous report. It is possible, however, that the changes are partly due to increased urbanization within the drainage basins for the stations. Some investigators have shown that increased urbanization can lead to decreased low flows in streams (U.S. Environmental Protection Agency, 2006). Much of the study area has been developing rapidly since the previous study was completed. Attempts to quantify the extent of change in urbanization and possible effects on low flows for the stations were beyond the scope of this study. The overall effect of the new computations is that generally there is less flow in the streams of Northeastern Maryland during times of drought than was thought to be available when the previous analysis was completed. As a result, State and local water-resource planners and managers may need to change their water-management plans and policies to accommodate the lower flows.
Summary
This report and the analyses it describes were done in cooperation with (1) the University of Maryland, Baltimore County, Center for Urban Environmental Research and Education; (2) the Baltimore City Department of Public Works; and (3) the Baltimore County Department of Environmental Protection and Resource Management. Means, minimums, maximums, and standard deviations of the mean daily discharges and flow-duration statistics were calculated for 47 streamgaging stations in northeastern Maryland. The flow-duration statistics include the 1-, 2-, 5-, 10-, 20-, 30-, 40-, 50-, 60-, 70-, 80-, 90-, 95-, 98- , and 99-percent duration discharges. Low-flow frequency statistics were computed for 25 of the stations with periods of record of 10 or more years. The low-flow frequency statistics include the average discharges for 1, 7, 14, and 30 days that recur, on average, once in 1.01, 2, 5, 10, 20, 50, and 100 years. The statistics were computed using mean daily discharge data through September 30, 2004 and the U.S. Geological Survey ANNIE, IOWDM, and SWSTAT computer programs. The 7-day low flow annual series were tested for trends and none were found.
A comparison between low-flow frequency statistics computed for this study and for a previous study that used data available through September 30, 1989 was done for seven stations. The comparison indicated that, for the 7-day mean low flow, the newer values were 19.8 and 15.3 percent lower for the 20-and 10-year recurrence intervals, respectively, and 2.1 percent higher for the 2-year recurrence interval, than the older values. For the 14-day mean low flow, the newer 20-and 10-year values were 25.2 and 15.5 percent lower, respectively, and the 2-year value was 2.9 percent higher than the older values. For the 30-day mean low streamflow, the newer 20-, 10-, and 2-year values were 10.8, 7.9, and 0.8 percent lower, respectively, than the older values. The newer values are lower than the older values most likely because of the occurrence of two major droughts since the older values were computed; however, it is also possible that increased urbanization within the drainage basins for the stations may be causing part of the reductions. The lower streamflows during times of drought may require State and local water-resource planners and managers to adjust their water-management plans and policies. Average percent change -10.8 -7.9 -0.8
